Aims/Hypothesis. The objective of this study was to examine the relationships among insulin and insulin sensitivity and risk factors for cardiovascular diseases in native Ghanaians with and without hypertension. Methods. We measured the anthropometric parameters, systolic and diastolic blood pressure, fasting serum triglycerides, cholesterol and high-density lipoprotein cholesterol and fasting and stimulated glucose, insulin and C-peptide of 200 Ghanaian subjects, who were between 25 to 74 years of age, and residing in the Accra Metropolitan area. Serum glucose, C-peptide and insulin concentrations were measured at baseline (fasting) and also 2 h after 75 gm oral glucose drink. Homeostasis model assessment was used to measure insulin resistance. Hypertension was defined as a blood pressure higher than 140/90 mmHg.
The high prevalence and increasing burden of cardiovascular diseases (CVD) in developing countries has recently been highlighted in the Global Burden of Disease study [1, 2] . Insulin resistance and hyperinsulinaemia are recognized risk factors for cardiovascular disease (CVD) [3, 4, 5] . The resistance to the action of insulin is also accompanied by compensatory increase in insulin secretion by the beta cells and hyperinsulinaemia to maintain normoglycaemia. The insulin resistance and other CVD risk factors seem to be increasing worldwide [6] . Whether this also accounts for the increasing prevalence of hypertension, and cerebrovascular accidents in sub-Saharan Africa is uncertain [7, 8, 9, 10] .
Several disorders are associated with insulin resistance and hyperinsulinaemia and tend to cluster in the same individual [5, 11, 12, 13, 14] . They include high serum triglycerides, low HDL, high blood pressure, increased plasminogen activator inhibitor (PAI-1), hyperfibrinogenemia, increased C-reactive protein (CRP), glucose intolerance and central or upper body obesity [5, 11, 12, 13, 14] . These disorders, which are also risk factors for cardiovascular disease, together are referred to as syndrome X, metabolic syndrome or insulin resistance syndrome [5, 11, 12, 13, 14] . It has been suggested that insulin stimulates renal sodium absorption, cation transport, sympathetic system stimulation, lipoprotein transport to the endothelium, intimal and medial areas of the vessel, and proliferation of vascular smooth muscle [15, 16] .
Recently, it has been questioned whether the metabolic syndrome as originally described [5] prevails in most or all populations [16, 17, 18, 19 ]. The prevalent rates of different aspects of the syndrome vary in different racial and ethnic populations. For example, African Americans, especially women, are in general more obese and hypertensive, and have greater insulin resistance with hyperinsulinaemia but lower serum fasting triglycerides and higher high-density lipoprotein cholesterol concentrations than white Americans [16, 17, 18, 19, 20, 21] . Also no relationship between insulin resistance and blood pressure has been found in African-American subjects [17, 18] . Whether these findings extend to native West Africans who share a common genetic heritage with African-Americans and Afro-Caribbean people remain uncertain.
Ghana is a tropical country in West Africa with a surface area of 238.533 km 2 , an estimated population of 19.7 million, a gross domestic product (GDP) of 7.4 billion US dollars and per capita GDP of 412 US dollars. The Accra Metropolitan area has the largest urban population (1.6 million) [22] . In a recent study, we showed that non-diabetic Ghanaian subjects residing in USA or their native country manifest insulin resistance and hyperinsulinaemia, similar to African American subjects [23, 24] . Similarly, serum insulin concentrations in the Ghanaian subjects are reportedly higher than those of white Americans [17] . These observations are of great interest as African-Americans share ethnogenetic links with West Africans. However, the relationship between serum insulin, insulin resistance and components of the metabolic syndrome and hypertension status in Ghanaian subjects living in Ghana has not been examined. Therefore, we sought to examine the relationships of blood pressure and lipids and lipoproteins and obesity indices in a community sample of 200 free-living, native Ghanaians from the Accra Metropolitan area of Ghana.
Subjects and methods
Subjects. The study population comprised of 200 adults (age range 25-74 years), selected from a random community sample (cluster) from the Accra Metropolitan area of Ghana. Subjects with fasting plasma glucose of less than 3.5 mmol/l or who were on exogenous insulin or anti-diabetic medication were excluded from the study. The subjects were non-smokers with no previous diagnosis of hypertension or diabetes, and they were not on medications that interfere with insulin action, or glucose and insulin responses. They were allowed their usual diet which is relatively high in carbohydrates (i.e. >250 g carbohydrate per day) for the 3 days prior to testing.
Study protocol.
After an overnight fast of 10 to 12 h, anthropometric measurements were carried out on subjects in light clothing and without shoes. Body weight was measured with a heavy duty Seca 770 floor digital scale (Seca, Hamburg, Germany) to the nearest 0.1 kg. Height was measured with a height stadiometer to the nearest 0.1 cm. Body mass index was calculated from the weight and height measurements. Waist and hip girth were measured in duplicate with a non-elastic plastic measuring tape to the nearest 0.1 cm. The waist measurement was taken at the mid-point between the lower rib margin and the iliac crest at the end of gentle expiration. The hip girth was obtained at the level of the greater trochanter. The mean of the duplicate data was used to determine the waist girth and WHR. After at least 10-min rest, two blood pressure readings were taken by trained nurses using a zero-centered sphygmomanometer.
Metabolic protocol. Fasting blood was drawn for plasma glucose, serum cholesterol, triglycerides, high-density lipoprotein, insulin and C-peptide concentrations. Each subject then ingested 75 gm of anhydrous glucose dissolved in 250 mls of water over 2 min. Blood samples were obtained 2 h after this for determination of plasma glucose, serum insulin and C-peptide concentrations.
Analytical methods. Serum triglyceride, cholesterol and HDL concentrations were measured by enzymatic methods and glucose by glucose oxidase (Randox Laboratories Limited, Crumlin, UK) on a chemistry autoanalyzer (Erba Smartlab, Mumbai, India). The inter-assay coefficient of variation for normal and increased plasma glucose controls were 1.4% and 2.4% respectively, the corresponding intra-assay coefficient of variation being 1.8% and 1.4% respectively. The serum insulin and C-peptide concentrations of each individual were determined by a standard double antibody radioimmunoassay technique with the sensitivity of the insulin assay being less than 2.5 uU/ml. Intra-and inter-assay coefficients of variation were 5% and 10%, respectively. The lower limit of the C-peptide assay was 0.20 nmol/ml and the intra-assay and inter-assay coefficient of variation, were 7% and 13%, respectively.
Calculation and statistical analyses. Analysed results are expressed as means ± SEM, unless otherwise stated. High blood pressure was defined as ≥140/90 mmHg in accordance with the 1997 Joint National Committee Criteria [25] . Insulin resistance index was calculated using the homeostasis model assessment (HOMA) [26] . HOMA insulin resistance (HOMA-IR) was calculated in accordance with the folowing formula: fasting insulin (uU/ml)×fasting plasma glucose (mmol/l)/22.5. Beta-cell function (HOMA %B) was determined from the formula: 20×fast-ing insulin (uU/ml)/fasting glucose−3.5. HOMA is more suitable and convenient for such epidemiologic studies than the gold standard but more laborious euglycemic clamp [27] or frequently sampled intravenous glucose tolerance test [28, 29] .
Unless indicated otherwise, the statistical package SPSS 10.0 for Windows (SPSS, Chicago, Ill., USA) was used for analyses. Multiple regression and correlation coefficients were calculated using least squares method. The Student's unpaired two-sided t test was used to compare means between two groups and the one-way ANOVA was used to compare more than two groups of variables. Statistical significance was considered as probability value less than 0.05.
The study was approved by the Ethics Review Committee of the University of Ghana Medical School and complied with the Helsinki Declaration of 1975 (revised in 1983) on human experimentation. Informed consent was obtained from each subject before participation.
Results
The clinical characteristics of the subjects are shown in Table 1 . The study comprised of 200 adults (males:females=87:113), mean age 41.2±1.3 years. Except for the body mass index and waist-to-hip circumference ratio which were lower in the women than men, no significant differences were observed in the other parameters (Table 1) . Table 2 shows some clinical characteristics of hypertensive (HBP) and normotensive (NBP) subjects. There were 147 (female:male=1.3:1.0) subjects with normal blood pressure and 53 (female:male=1.3:1.0) with hypertension. The prevalence of hypertension in this Ghanaian cohort was 26.5%. The HBP subjects compared to NBP subjects were older, heavier and had more central obesity (p<0.05). Table 3 shows the metabolic risk factor profile for the normotensive and hypertensive subjects. There were no significant differences between the two groups for the concentrations of fasting glucose, 2-h glucose, fasting lipids, fasting and 2-h C-peptide and HOMA %B scores. In contrast, fasting insulin, 2-h serum insulin and HOMA-IR concentrations were higher in the HBP than in the NBP group. Table 4 shows the zero order and fourth order partial correlation of systolic and diastolic blood pressures with cardiovascular risk factors. Age and anthropometric indices had the highest correlation with systolic and diastolic blood pressure. The relationship between blood pressure and the metabolic parameters, Values are means ± SEM including the insulin sensitivity index, HOMA-IR, was weak (zero order partial correlation); the association became weaker still, when adjustments were made for age, BMI, waist girth and WHR (fourth order partial correlation).
We found weak correlations between fasting insulin, HOMA-IR and the anthropometric parameters and serum triglycerides, cholesterol and HDL (zero order partials). When adjustments were made for Age, BMI, waist girth and WHR (fourth order partials), the association of fasting insulin and HOMA-IR with triglycerides, cholesterol and HDL became weaker still (Table 5) . To examine the influence of the risk factors as predictors of blood pressure, we developed models from multiple regression analysis (Table 5) . HOMA-IR accounted for only 2.83 and 2.48% variance in systolic and diastolic blood pressure, respectively (Table 5 ).
Discussion
Our study examined the relationship between insulin, insulin resistance on the one hand and blood pressure and atherogenic lipids and lipoproteins on the other in native Ghanaian people. We found 26.5% of the randomly selected Ghanaian cohort to be hypertensive. Although this figure is comparable to those reported [8, 9, 10, 11] in Sub-Saharan African Black people, we believe this might not represent the true prevalence of hypertension in Ghanaian people since we studied only a small sample of individuals residing in the Accra Metropolitan area. Of note, this rate of hyper- tension in the native Ghanaian people is similar to those of African-Americans [31] . Plasma glucose concentrations during fasting and 2 h after oral glucose challenge were similar in the hypertensive (HBP) and normotensive (NBP) subjects. In contrast, the mean serum insulin concentrations and HOMA-IR were greater in the hypertensive subjects when compared to the normotensive Ghanaians. There was, however, no association between blood pressure and some of the cardiovascular risk factors. A major component of the Metabolic Syndrome is altered lipid metabolism. Specifically, patients with the metabolic syndrome manifest high serum triglycerides and low HDL concentrations while serum cholesterol tends to be normal [4, 5] . In our study, the serum triglycerides, HDL and cholesterol concentrations were all normal in subjects with hypertension. We have reported previously that non-hypertensive Ghanaian subjects with impaired fasting glucose, impaired glucose tolerance and Type 2 diabetes [30] had normal lipid and lipoprotein concentrations which were similar to those of African-Americans and AfroCaribbeans [29, 31, 32] .
Previous studies have shown that increased waist circumference, WHR and BMI are associated with increased insulin resistance, hyperinsulinaemia, low HDL and high serum triglyceride and glucose intolerance in the Caucasian [11, 12, 14, 15, 16] and MexicanAmericans [13] . In our study, subjects with hypertension had greater central obesity and higher fasting serum insulin and 2-h serum insulin concentrations than subjects with normal blood pressure despite identical plasma glucose concentrations. These findings are consistent with those in other non-African populations [4, 5, 12, 13, 14, 15, 16, 17, 18] . In our study, however, the greater serum insulin responses and insulin resistance in subjects with high blood pressure was associated with normal serum cholesterol, triglycerides and HDL concentrations. The favorable anti-atherogenic profiles in our hypertensive subjects, was indeed comparable to those in our normotensive subjects. Thus, the insulinresistant hypertensive Ghanaian subjects extend the favorable lipid profiles found in normotensive Ghanaian subjects [30] African-Americans [20, 21, 29] and AfroCarribeans [31, 32] when compared to other populations such as Caucasians.
The mechanism of the insulin resistance with the concomitant greater serum insulin concentrations in the Ghanaian and the Sub-Saharan African populations in general with high blood pressure is not known. There is a strong evidence to suggest insulin resistance is genetically determined with a strong familial and environmental component [33, 34, 35, 36, 37] . Insulin resistance has a predilection for certain ethnic groups [13, 16, 17, 24, 36, 37] . In this regard, previous studies found greater hyperinsulinaemia and insulin resistance in African-Americans [18, 24], Ghanaians [37] , Afro-Caribbeans [32, 33] , Pima Indians
[16], and Mexican-Americans [13, 37] compared to Caucasians. In a previous study in Ghanaian subjects living in their native country, we showed an increased insulin resistance in the first degree relatives of patients with Type 2 diabetes, compared to those with no family history of Type 2 diabetes, suggesting both genetic or familial contributions [37] . In the present study our subjects with high blood pressure were older, and had more truncal obesity as evidenced by the greater waist girth and WHR, compared to normotensive subjects. Thus, it is possible that the ageing and increased waist girth and WHR, the surrogates for intra-abdominal visceral adiposity, could partly account for the differences in the insulin resistance in the hypertensive and normotensive Ghanaian subjects. Insulin resistance, however, accounted for only 2.8 and 2.5% of the variation in systolic and diastolic blood pressure respectively, in our subjects. Also we found only a weak relationship between insulin resistance and waist girth and WHR. The statistical significance of these findings is therefore uncertain. Our data suggests that other factors not assessed in our study e.g. genetics, physical activity etc. probably accounted for the differences in the insulin resistance in the normotensive and hypertensive Ghanaian cohort.
Finally, apart from genetic inheritence, there are several environmental factors that can influence the development of hypertension. In particular, low birth weight with rapid early childhood growth and weight gain, has been implicated in the accelerated development of several diseases [38, 39] . In this regard several studies [40, 41, 42] have reported that small babies, for their for gestational age, have accelerated catch-up growth, high blood pressure and insulin resistance in black South African children and/or adults. Previous studies have also established that low birth weight babies who acquire rapid weight gain as infants, manifest insulin and insulin resistance syndrome (and perhaps in later adult life) compared with those with low birth weight who had a slow progression in weight gain in black African children living in South Africa [40] . These previous findings in Sub-Saharan African people would support the "fetal origin of diseases in the old age" proposed by another study [38] . Implications of present study for Africa. The increasing rates of insulin resistance, hypertension, cardiovascular disease risk factors and diabetes in SubSaharan Africans in epidemiological health transitioning have serious economic implications for these countries [8, 9, 10] . Most countries in Africa with generally low income, can least afford the human toll and economic burden from large numbers of patients with non-communicable diseases such as Type 2 diabetes, cerebrovascular accidents, and congestive heart failure as well as end stage renal diseases on account of limited resources [22] . Thus, accurate but simple and less expensive techniques to examine the association of insulin concentrations and insulin resistance and cardiovascular disease risks could contribute to the understanding of the mechanism of non-communicable cardiovascular diseases and diabetes in SubSaharan African countries.
In conclusion, we examined the relationship of insulin, insulin resistance and conventional anthropometric and metabolic CVD risk factors in Ghanaian subjects residing in Ghana. While we found truncal obesity, higher serum insulin concentrations and greater insulin resistance in subjects with high blood pressure, there was only a weak relationship between serum insulin and insulin resistance and blood pressure and lipids and lipoproteins similar to those found in South-African black, African-Americans and AfroCaribbean people. Thus, the role of insulin resistance and hyperinsulinaemia in the development of cardiovascular diseases deserves further investigation in long-term prospective studies in Ghanaian and other populations in the Sub-Saharan region.
